Abstract-This paper deals with a new quasi Z-source Dynamic Voltage Restorer(DVR). The proposed system based on single-phase quasi Z-source AC-AC converter which has features such as the input voltage and output voltage are sharing ground, and the input current operates in continuous current mode. Also the proposed system is able to compensate voltages sags and swells. For the detection of voltage sag-swell, the fast detection of an instantaneous value detection algorithm is applied. The operating principles of the proposed quasi Z-source AC-AC converter are described and PSIM simulation is presented to verify the proposed concept and theoretical analysis.
Introduction
Some decades, the power quality did not cause any problems, because it had no effect on most of the loads connected to the electric distribution system. In recent years, power quality issues have been received much attention. With the increased use of the sophisticated electronics, high efficiency variable speed drive, and power electronics controller, power quality has become an increasing concern to utilities and customers and huge economical losses due to the interruption of production processes [1] . Among these problems, voltages sag and swell are the most common type of power quality disturbance in the distribution system. In order to increase the reliability of a power distribution system, many methods of solving quality problems, especially voltage sag, have been suggested. Many voltage sag mitigation schemes are based on inverter systems consisting of energy storage and power switches. Also, the Dynamic Voltage Restorer (DVR) and Uninterrupted Power Supply (UPS) developed and they are able to compensate voltage sags and swells, harmonics maintaining a regulated voltage at critical load [2] . But some of them are based on energy storage devices such as large capacitors or batteries bank. If the power is increased, the size of these devices will increase and make them more expensive [3] .
In this paper, we propose a new quasi Z-source dynamic voltage restorer. The proposed topology employs a singlephase quasi Z-source AC-AC Converter [4] along with an autotransformer. During the voltage sags or swells, the proposed system regulates the adding or missing voltage and maintaining the rated voltage at the terminals of the critical load. The proposed system is able to compensate up to over 50% voltage sag and it is able to compensate voltage swell. In addition, it is possible to use an AC-AC converter instead of a power inverter in the topology of a dynamic voltage restorer avoiding the energy storage devices [2] . This paper also proposes the control method of the fast detection of an instantaneous value detection algorithm. The operating principle, analysis, simulation results are presented. Fig. 1 . The scheme of the proposed system.
Proposed System

System Description
The proposed scheme of the system is shown in Fig.1 . The proposed system can be divided in five parts: the AC input, the quasi Z-source AC-AC converter, the filter circuit, the injection transformer and load as shown Fig.1 . and two capacitor C1, C2 (quasi Z-network), two bidirectional switches, input LC filter and output LC filter of the quasi Z-source converter, an injection transformer and load. In addition, a voltage sag-swell controller along with an instantaneous value detection algorithm, which achieves not only a fast response but also a simple implementation is proposed for a new quasi Z-source dynamic voltage restorer.
Switching Strategy
Fig . 3 shows the PWM control scheme for proposed system. As shown in Fig. 3 , D is duty-ratio and T is a switching period. Fig. 4 shows the switching strategies with safe-commutation for a new quasi Z-source dynamic voltage restorer.
When the proposed system operates in boost mode which is used to compensate voltage sag, if Vi(t) > 0, S1a turns on for continuous current flow purpose; S2b turns on for commutation purpose; S1b and S2a are modulated in complement with dead time. If Vi(t) < 0, S2a turns on for continuous current flow purpose; S1b turns on for commutation purpose; S1a and S2b are modulated in complement with dead time. When the proposed system operates in 180° phase shifted mode which is used to compensate voltage swell, if Vi(t) > 0, S1b turns on for continuous current flow purpose; S2a turns on for commutation purpose; S1a and S2b are modulated in complement with dead time. If Vi(t) < 0, S2b turns on for continuous current flow purpose; S1a turns on for commutation purpose; S1b and S2a are modulated in complement with dead time. During voltage sag-swell, the operation of the proposed system can be divided into two states as shown in Fig. 5 . In state 1 as shown in Fig. 5(a) , the time interval in this state is (1-D)T. So voltage relation is expressed as:
In state 2 as shown in Fig. 5(b) , the time interval in this states DT. So voltage relation can be expressed as:
From (1) to (6), averaged equation can be expressed as: 6 shows the load the voltage gain versus the duty cycle. As shown in Fig. 6 , the proposed system is able to compensate up to over 50% voltage sag when duty cycle is from 0.6 to 1. In addition, the proposed system is able to compensate voltage swell when duty cycle is from 0 to 0.33. The load voltage is expressed as
The load voltage gain(k) can be defined as
The duty cycle is calculated by
Instantaneous Value Detection Algorithm
The voltage detection is important because it determines the proposed system of the voltage sag-swell compensator. The magnitude of the input and output voltages determine the PWM duty-cycle and the starting moment of compensation. Therefore, precise and fast voltage detection is an essential part of the proposed system [8] . 7 is a simulation result of conventional RMS averaging method. This method takes at least half period to detect the voltage sag-swell. When it applies to the proposed system, the proposed system cannot maintain constant load voltage because insufficient input voltage is compensated. To improve the drawbacks of the conventional RMS averaging method, the fast detection of an instantaneous value detection algorithm is applied. Fig. 8 shows the fast detection of instantaneous value algorithm. N is the window size for the calculation and D is the sensed input voltage data. In the normal state, the RMS magnitude of the sensed voltage is stored and calculated by averaging all the data series of a half period. After the starting half period, the RMS magnitude of the oldest sensed voltage is discarded and the new incoming sensed voltage is added (equations 14, 15) [5] - [9] .
( ) 9 shows the simulation result of fast detection of instantaneous value algorithm. Obviously, the fast performance of sag detection is possible.
Simulation Results
Parameters of the proposed system are given in Table 1 . Fig. 10 and Fig. 11 show the simulation results for voltage sag compensation and voltage swell compensation, respectively.
As shown in Fig. 10 , when the voltage sag has a severe 60% sag, it is observed that the proposed system responds instantaneously and maintains rated voltage at the load terminal. Similarly, when the input voltage has a 20% swell, the output voltage is well regulated with 220 Vrms as shown in Fig. 11 . 
Conclusion
In this paper, we have proposed a new quasi Z-source dynamic voltage restorer based on single-phase quasi Zsource AC-AC converter. The proposed system is able to compensate voltage swells and compensate up to over 50% severe voltage sags. One of the advantages in the proposed system is that energy storage devices are not require to compensate the voltage sag-swell. In order to detect voltage sag-swell, fast detection of instantaneous value algorithm applied and compared to conventional RMS averaging method.
From the simulation results, we can say that the proposed system has good compensation characteristics and can have an important role for power quality improvement.
